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Hydrologic Effects of Artificial-Recharge Experiments
with Reclaimed Water at East Meadow,
Long Island, New York

by Brian J. Schneider, Henry F. H. Ku, and Edward T. Oaksford

ABSTRACT

Artificial-recharge experiments were conducted at East Meadow from
October 1982 through January 1984 to evaluate the degree of ground-water
mounding and the chemical effects of artificially replenishing the
ground-water system with tertiary-treated wastewater. More than 800 million
gallons of treated effluent was returned to the upper glacial aquifer through
recharge basins and injection wells in the 15-month period.

Reclaimed water was provided by the Cedar Creek advanced wastewater-—
treatment facility in Wantagh, 6 miles away. The chlorinated effluent was
pumped to the recharge facility, where it was fed to basins by gravity flow
and to injection wells by pumps. An observation-well network was installed at
the recharge facility to monitor both physical and chemical effects of
reclaimed water on the ground-water system.

Observations during the recharge tests indicate that the two most
significant factors in limiting the rate of infiltration through the basin
floor were the recharge-test duration and quality of reclaimed water. Head
buildup in the aquifer beneath the basins ranged from 4.3 to 6.7 feet,
depending on the quantity and duration of water application. Head buildup
near the injection wells within the aquifer ranged from 0.3 to 1.2 feet. The
head buildup in the injection wells is attributed to biological, physical, and
chemical actions, which can operate separately or together. Recharge basins
provided a more effective means of moving large quantities of reclaimed water
into the aquifer than injection wells.

Two basins equipped with central observation manholes permit the
acquisition of data on the physical and chemical processes that occur within
the unsaturated zone during recharge. Results of 3-day and 176-day ponding
tests in basins 3 and 2, respectively, indicate that reclaimed water is
relatively unchanged chemically by percolation through the unsaturated zone
because (1) the sand and gravel of the upper glacial aquifer is unreactive,
(2) the water moves to the water table rapidly, and (3) the water is highly
treated before recharge.

The quality of water in the aquifer zones affected by recharge improved,
on the whole. Ground-water concentrations of nitrate nitrogen and several
low-molecular-weight hydrocarbons, although significantly above drinking-water
standards before.recharge, decreased to well within drinking-water standards
as a direct result of recharge. Sodium and chloride concentrations increased
above background levels as a result of recharge but remained well within
drinking-water standards and the New York State effluent standards established
for this ground-water-recharge study.



INTRODUCTION

Several of man's activities on Long Island have interfered with the
ground-water system. Excessive ground-water pumping has resulted in zones of
aquifer depletion, loss of streamflow, and intrusion of saltwater into
nearshore aquifer systems. Waste-disposal systems have caused widespread
contamination of the shallow ground-water system, and the advent of sewering
in Nassau County has led to an increase in consumptive loss. All of these
effects could be partly mitigated through artificial recharge.

The need for artificial recharge on Long Island has been recognized since
the 1930's, when stormwater was first routed from developed areas to
stormwater basins that were designed to replenish the ground-water supplies.
Since that time, several methods of artificial recharge have been tested on
Long Island to dispose of cooling water and reclaimed wastewater, to augment
streamflow, and to offset saltwater intrusion. As yet, such procedures have
not become a necessity but may provide a means of partly alleviating future
water shortages.

The most recent artificial-recharge studies on Long Island have been
completed at a site at FEast Meadow, in central Nassau County (fig. 1), at
which tertiary-treated wastewater (herein referred to as reclaimed water) from
a sewage-treatment plant 6 mi to the south is piped into a group of shallow
basins and injection wells to replenish the surficial aquifer. This
investigation, which began in 1975, was conducted in cooperation with the
Nassau County Department of Public Works and was designed to (1) evaluate the
hydrologic and chemical effects of artificially replenishing the ground-water
system with reclaimed water, and (2) determine whether the recharge procedure
is practicable for future replenishment of the upper glacial aquifer.

74° 73° 72°
T 1
CONNECTICUT
NEW
..
\\
\\
NEW JERSEY
SUFFOLK COUNTY
f.
NEW YORK 'East-Meadow o Medford
co sArtificial-Recharge Site AN
° oCE
NT\C
Cedar Creek
Sewage-Treatment Plant 0 5 10MILES
0 5 10KILOMETERS
1 1

Figure 1.--Location of East Meadow artificial-recharge site and Cedar Creek
sewage-treatment plant, Nassau County, N.Y. (Modified from
Schneider and others, 1986.)



Purpose and Scope

This report documents the operating history of the East Meadow artifi-
cial-recharge facility and summarizes significant findings from a 15-month
test period from October 1982 through January 1984. It evaluates the
performance of the recharge basins and injection wells in terms of application
rate and head buildup and summarizes the physical and chemical effects of
infiltration through the unsaturated zone. The increases in water levels and
changes in water quality within the ground-water system are depicted in
graphs, maps, and tables.

Previous Studies

The history of artificial-recharge technology and considerations for its
application on Long Island are described in reports prepared for Nassau
County's Department of Public Works by Greely and Hansen (1963) and
Holzmacher, MclLendon, and Murrell (1980). The first experiments with
artificial recharge were conducted with stormwater at recharge basins.

Other artificial-recharge experiments with reclaimed water were conducted
at a deep-injection site at Bay Park (fig. 1) to recharge the Magothy aquifer
directly to control saltwater intrusion. Several reports on the design,
construction, operation, and effects of the study have been written by Cohen
and Durfor (1966); Koch and others (1973); Ragone (1977); and Vecchioli and
others (1980).

Recharge through a small test basin in Medford (fig. 1) to study the role
of the unsaturated zone during artificial recharge was described by Prill and
others (1979). The native geochemical conditions near the East Meadow
recharge facility are described by Katz and Mallard (1980). The geohydrology
of the East Meadow artificial-recharge facility is described in Aronson and
others (1982), and a general nontechnical description of the East Meadow
recharge facility is given by Aronson (1980). Schneider and Oaksford (1986)
describe the design and monitoring capability of the recharge site and discuss
preliminary effects of recharge. Schneider and others (1984) discuss the
movement and chemical quality of reclaimed water in the unsaturated zone at
the recharge facility.
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Hydrogeology

Long Island is underlain by a sequence of southward dipping unconsoli-
dated deposits of Late Cretaceous, Pleistocene, and Holocene age that overlie
crystalline bedrock of Precambrian(?) age (fig. 2). The hydrogeologic units
within the unconsolidated deposits have medium to high hydraulic conductivity
and good to excellent water—transmitting properties. The major aquifers and
confining units of Long Island, and a basic synopsis of ground-water flow, are
presented by Smolensky (1984).

Directly overlying the bedrock is the Raritan Formation of Late
Cretaceous age, which consists of the Lloyd Sand Member (Lloyd aquifer) and an
overlying unnamed clay member (Raritan confining unit). The Lloyd aquifer is
the deepest confined aquifer on Long Island and supplies a small percentage of
the ground water used on Long Island.

Overlying the Raritan Formation is the Magothy Formation-Matawan Group,
undifferentiated (Magothy aquifer), also of Late Cretaceous age. These
deposits consist of clayey and silty fine to medium sand, some gravel, and
clay layers. The Magothy aquifer is the island's largest source of fresh
water for public supply and is as much as 1,000 ft thick. Overlying the
eroded Magothy Formation-Matawan Group surface is the Monmouth Group (Mommouth
greensand), which is a glauconitic sand and clay unit up to 200 ft thick and
found primarily in southern Suffolk County and southeastern Nassau County.

Several Pleistocene deposits overlie the Magothy aquifer and Monmouth
greensand. The oldest is the Jameco Gravel, found only in Kings, southern
Queens, and southwestern Nassau Counties. The Gardiners Clay overlies most of
the Jameco. In southern Nassau and southwestern Suffolk Counties, where the
Jameco Gravel is absent, this greenish-gray clay was deposited on the eroded
Magothy-Matawan surface. Two other Pleistocene clay layers on Long Island are
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Figure 2.--Generalized geologic section showing relative positions of major
aquifers, Long Island, N.Y. (Modified from Franke and
MceClymonds, 1972.)



the Smithtown clay confining unit and the "20-foot" clay unit. Most of Long
Island's present topography is the result of Wisconsin deposition near the end
of the Pleistocene Epoch. Meltwater from deglaciation flowed southward from
the terminal moraines along the center of the island and deposited a sequence
of coarse to fine sand and gravel that forms the outwash plain. This outwash
forms what has been termed the upper glacial aquifer, which was once a major
source of public supply. As a result of long-term contamination from surface
sources, however, it is no longer used for public supply in Nassau County.

The geohydrology of the outwash plain in the vicinity of the East Meadow
artificial-recharge facility has been described by Aronson and others (1983).

The sole source of natural freshwater recharge to the ground-water system
is precipitation, which averages 44 inches per year. Seasonal fluctuations in
the water—-table altitude are a reflection of the amount of precipitation,
amount of percolation through the unsaturated zone, evapotranspiration losses,
and rate of seaward discharge from the system.

A generalized north-south vertical section of Long Island (fig. 3) shows
the directions of ground-water movement under natural (predevelopment)
conditions. Near the ground-water divide, which runs east-west along the
northern part of the island, ground water flows vertically downward and then
horizontally. Ground water north of the divide eventually discharges into
Long Island Sound, and ground water south of the divide discharges into Great
South Bay and the Atlantic Ocean.
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Figure 3.--Generalized hydrogeologic section showing ground-water
flow paths under natural (predevelopment) conditions.
(Modified from Smolensky, 1984.)



Ambient-Water Quality

More than 200 analyses for selected organic and inorganic constituents
from 48 observacion wells screened in the upper glacial and Magothy aquifers
were used to characterize background water quality beneath the recharge
facility prior to recharge operations. Previously collected data, published
in a report by Katz and Mallard (1980), indicate that ground water beneath the
site contained elevated concentrations of nitrate, chloride, sulfate, and
ammonium ions; however, the concentration of those ions generally decreased
with depth into the aquifer. Results of more recent sampling, listed in
table 1, confirm the presence of nitrogen in elevated concentrations in both
the upper glacial and Magothy aquifers.

Ragone and others (1980) describe probable sources of nitrogen to the
ground-water reservoir, including domestic sewage, fertilizer for domestic
purposes, exfiltration from sewers, surface contaminants washed by rainfall
and overland runoff to recharge basins, agricultural fertilizers, animal
wastes, landfills, and sewage-treatment plants. Most of these probable
sources are found in and adjacent to the study area. Until 1980, the East
Meadow community discharged domestic wastes to cesspools, and until 1979, the
Meadowbrook Hospital and Nassau County Corrections Facility discharged their
wastes to a secondary sewage—treatment plant (fig. 4). Also, the recharge
facility is adjacent to a farm that uses a significant amount of agricultural
fertilizers. The discharges from these major sources have caused
concentrations of nitrogen in ground water near the site to exceed 10 mg/L,
the New York State drinking-water standard.

ADVANCED WASTEWATER-TREATMENT FACILITY AND QUALITY OF RECLAIMED WATER

Reclaimed water was supplied by the advanced wastewater-treatment
facility at the Cedar Creek sewage-treatment plant in Wantagh (fig. 1), a
conventional activated-sludge facility designed to treat 45 to 50 Mgal/d of
domestic sewage. A list of constituents and their concentrations in raw
sewage entering the sewage-treatment plant is given in table 2 (p. 10).
Approximately 5 Mgal/d of influent sewage is diverted after screening and grit
removal to the advanced wastewater—treatment plant; the remaining 40 to 45
Mgal/d undergoes secondary treatment and then is discharged to the ocean. The
advanced wastewater-treatment process consists of four steps (fig. 5):

1. chemically aided primary treatment to improve the removal of phosphorus,
biochemical oxygen demand (BOD), suspended solids, and heavy metals;

2. a two-stage biological treatment system consisting of a nitrification-
denitrification process to promote biological nitrogen removal in
combination with oxidation of remaining carbonaceous material and
secondary clarification;

3. rapid sand filtration and activated carbon treatment to reduce both
suspended and dissolved organic compounds in the effluent to a few parts
per billion; and

4, chlorination and storage to disinfect and store this effluent to allow for
continuous delivery of 4 Mgal/d to the recharge facility.

























































DESCRIPTION OF RECHARGE OPERATIONS AND OBSERVATIONS

The artificial-recharge facility became operational on October 6, 1982,
and operations ceased on January 9, 1984. Within that period (460 days), more
than 8.02 x 108 gallons of reclaimed water were returned to the ground-water
system. More than 7.2 x 108 gal (89 percent) was applied to the recharge
basins, and 8.7 x 107 gal (11 percent) was injected through wells. The dates,
locations, and quantities of recharge are given in table 6. An average of
2.35 x 100 gal/d was applied in 338 days through basins and 50 days through
injection wells.

From October 6, 1982 to January 29, 1983, five recharge basins were used
in the automatic-flow-control mode. This method maintained a preset flow rate
through use of automatic butterfly valves in the supply lines to each basin.
A complete description of design and operations is given by Consoer and
Townsend (1978) and Schneider and Oaksford (1986). In the 2.5-month hiatus
between January 30 and April 18, 1983, the flow-monitoring system for each
basin and injection well was modified to include manometers, which allowed
exact measurement of the flow rate at any given time. From April 18, 1983 to
October 5, 1983, the recharge basins were operated in the manual mode. The
butterfly valve within the supply line was opened to allow desired flow, and
the storage reservoir was filled to capacity. Because the altitude of
reclaimed water within the storage reservoir dictates the flow rate, a
constant head was maintained within the storage reservoir to maintain a
constant flow rate to each basin.

From October 5, 1983 to January 9, 1984, recharge basins and injection
wells were used together in the manual mode. Reclaimed water was routed to
the injection well by injection pumps; therefore, head in the storage reser-
voir was not a factor. However, head in the storage reservoir was maintained
constant because the recharge basins were in operation at the same time.

Flow rate, flow total, basin or injection-well water level, and
basin-water temperature were measured hourly by hand during all operating
perliods. These measurements permitted calculation of daily flow rates,
basin-stage fluctuatlions, and a temperature-adjusted infiltration rate. Of
the 11 basins and five injection wells available for recharge, seven basins
and all five wells were used.

Testing at basins 1, 4, 5, 6, and 7 consisted of releasing reclaimed
water at desired flow rates into each basin and (1) monitoring the onset of
clogging and noting its possible causes; (2) calculating infiltration rates in
relation to test duration; (3) monitoring local water-level fluctuations in
response to recharge; (4) measuring and mapping the extent and height of
ground-water mounding; and (5) collecting and analyzing water samples from
beneath the facility to detect changes in local ground-water chemistry.
Recharge tests were done at basins 2 and 3 in the summer and fall of 1983 to
monitor the effect of percolating reclaimed water on the unsaturated zone;
results of these tests are described on page 40.

All five injection wells were used in the fall and winter of 1983. A
l-day injection test at wells D and E was done in early October 1983 to
evaluate the recharge and monitoring equipment. A 50-day test followed soon
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after, with no more than four wells in operation at one time, to evaluate the
operation of the injection wells and to monitor response of the aquifer system
to long-term injection of reclaimed water.

The following section describes the operation and performance of each
basin and injection well in terms of dates and duration of recharge, flow
rates, total volume, infiltration rates, and stage or head buildup resulting
from clogging due to turbidity, bacteria, or air entrapment.

Recharge Basins

Basin 1

During 42 days of total operation, 23 Mgal of reclaimed water was
released into this basin. (See table 6 for dates and volumes.) Flow rates
for all operating periods ranged from 365 to 400 gal/min. Recharge periods
lasted from 2 to 14 days. During these periods, infiltration rates ranged
from 0.55 to 0.60 ft/h. During initial water application at this and other
basins, entrapped air was observed escaping through the water near the soil
surface. In some tests, the basin floor ponded (became completely covered)
immediately, indicating a lower infiltration rate. As the entrapped air
escaped, normal infiltration resumed, and water stage declined. Further
evidence of entrapped air was detected at all basins with impermeable liners
on their sloped walls. As reclaimed water was initially added to the basins,
the liners, which lie flat against the sloped walls, billowed up in response
to air that was being pushed up from underneath. After several hours, the
liners returned to their original position, indicating the escape of all
entrapped air.

Ponding depth during the 12-day test beginning January 17, 1983, is
plotted in figure 12. The increase in stage beginning January 23, 1983 during
this test could be attributed to surface clogging due to increased turbidity
of the reclaimed water. High turbidity values can occur during periods of
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electrical or mechanical failures or during high hydraulic loading at the
treatment plant. Once the infiltrating surface becomes clogged, a decrease in
turbidity will not reverse the stage buildup. The highest stage measured
within basin 1 was 1.6 ft on January 28, 1983, which was the next-to-last day
of that test. Basin 1 was not used after January 29, 1983 because several
instrument parts were needed for repairs in other basins. ’

Basin 4

In 132 days of operation (see table 6 for dates and volumes), this basin
received nearly 74 Mgal of reclaimed water. Inflow rates were between 300 and
800 gal/min. Recharge periods ranged from 2 to 63 days. The longest
continuous test period at this basin was from April 18 through June 20, 1983.
Infiltration rates during this test ranged from 0.52 to 0.60 ft/h. Although
water stage reached 1.45 ft in this test, the basin was not totally ponded
(that is, parts of the basin floor were exposed) for the first 22 days (fig.
13). Ponding in mid-May 1983 could be attributed to an accumulated increase
in total coliform concentration in reclaimed water (fig. 14); this increase in
bacteria could also be the cause of stage buildup in other basins. Figure 15
shows the total coliform concentration throughout the entire recharge period.

On August 10, 1983, the distribution piping system that routes reclaimed
water across the basin floor was removed. The basin floor was tilled to the
1-ft depth, and water was released onto the sloped, lined basin-wall area
outside the l-ft-high retaining wall. After water had filled this area, it
spilled over the retaining wall onto the basin floor. The combination of
tilling and redistribution of reclaimed water allowed inflow rates to double
without ponding. No ponding occurred from October 3 to October 20, 1983, even
at flow rates exceeding 600 gal/min.

Basin &

In 209 operating days, basin 5 received nearly 150 Mgal. This basin was
operated with inflow rates ranging from 300 to 700 gal/min. When inflow rates
were maintained at 350 gal/min, water stage never exceeded 0.8 ft (fig. 13),
but when inflow was increased to 650 gal/min, as in August 1983 (fig. 13),
stage increased to 2.30 ft. Infiltration rates during this period (July 26
through September 12, 1983) ranged between 0.84 and 1.04 ft/h.

Coliform concentration, as mentioned previously, could be correlated with
an increase in water stage that began on May 21, 1983. Although coliform
concentration in reclaimed water received at the recharge facility decreased
thereafter, the water stage continued to increase.

Another phenomenon common to basin 5 and several others was the
development of insect populations during the spring, summer, and fall of 1983.
Observed in this basin were larval and adult stages of mosquitos and
dragonflies and several species of water beetles. These populations thrived
in ponded areas or in isolated pools during nonponding conditions. Extended
ponding periods (several weeks in length) as well as favorable meteorologic
conditions, such as high temperature and high humidity, could be the
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conditions needed for development of these populations. Vegetative growth
within the basin could also provide a protective substrate for insect eggs.
Basins 2, 5, and 7 were allowed to grow natural vegetative cover to increase
infiltration channels, and insects developed in these basins.

Basin 6

Throughout the recharge periods, which ranged from 2 to 84 days, basin 6
received more than 120 Mgal of reclaimed water (table 6). Inflow rates ranged
from 325 to 700 gal/min during the 211 days of operation. Infiltration rates
during the longest recharge test at this basin (April through July 1983) were
calculated to range from 0.56 to 0.62 ft/h. The highest stage reached at this
basin was 2.82 ft after 38 days (fig. 13). The reclaimed-water stage during a
41~day test in July and August 1983 exceeded 4 ft. Flow rates during this
test ranged between 590 and 680 gal/min.

Insect populations developed at this basin during July and August 1983
despite the layer of pea-size gravel over the basin floor, which prevented the
growth of vegetation. Insects were just as prevalent here as in other basins.

Basin 7

In 266 days of operation (see table 6 for dates and volumes), this basin
received nearly 200 Mgal of reclaimed water. Inflow rates were between 350
and 690 gal/min. Recharge periods ranged from 2 to 137 days; during the
longest period, 137 consecutive days from July 26 to December 11, 1983, the
basin received nearly 1l Mgal/d. Infiltration rates during this test ranged
from 0.97 to 1.1 ft/h.

Early in the test periods, ponding either did not occur or levels rose
less than 1 ft (fig. 13). Toward the end of November and early December 1983,
however, stage increased to a peak of 2.8 ft, at which time operations were
stopped because of a malfunction at the treatment plant. This ponding coin-
cides with an increase in total coliform on November 18, 1983 to over 250 MPN.

Summary of Recharge—Basin Operation

More than 715 Mgal of reclaimed water was returned to the upper glacial
aquifer through the recharge basins. This has demonstrated that reclaimed
water can be easily used for recharge at this site with only limited action to
maintain high infiltration rates.

Infiltration rates throughout all periods of operation at all basins
ranged from 0.52 to 1.5 ft/h. Measurement of infiltration rate when water was
applied on a continuous basis was based on water stage and pumping-rate
records. Reclaimed-water stage was manually recorded every hour by plant
personnel with a staff gage installed within each basin. Pumping or delivery
rate was computed from readings of a totalizer, an electronic counting device
that measures total cumulative flow during automatic operations, and readings
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of manometers (duriung manual operation) connected to the supply lines.
Infiltration rate was determined by the equatiou:

Dp
I=—+14s (1)
A

where: I is infiltration rate, in ft/h;
D is delivery rate, in ft3/h;
As is change in basin storage, in ft/h; and
A is basin area, in £t2,

To reliably measure infiltration rate, the basin floor should be completely
covered with water so that fluctuatious in basin stage can be measured. For a
majority of operating cycles, however, some basius had no pondiung, or the
floor became only partly ponded. Duriung those counditions, iunfiltration rate
was calculated from the delivery rate divided by perceuntage of basiun floor
that was pouded. Uuless stated otherwise, infiltration rates giveu for each
basin were measured during periods when the floor was fully pouded.

Observations and measurements made during basin operation have shown that
higher-than-planned inflow rates of 350 gal/min can be maintained aud that
operating periods can be extended to several months if unecessary. Recharge
basins have accepted high rates for louger periods without major surficial
modifications such as scarificatioun, stripping, or alternatiung drying aund
pondiug cycles. However, the surface of basin 4, as mentioned previously, was
tilled after the distribution piping was removed before testing in August 1983
and was found to accept an eveu greater flow rate thereafter. The probable
cause for this increased rate is correlated to both tilling and to alteratiom
of the inflow-pipe system.

Basins 2 (discussed later), 5, and 7 were permitted to grow natural
vegetation unimpeded throughout all testing periods. These basins sustained
high infiltration and hence high inflow rates, possibly because the root
systems created a network of flow chanmnels.

During all tests, one of the characteristics that affected basin
performance was the quality of reclaimed water. Any temporary change in
physical or biological character such as turbidity or coliform couunt seemed to
cause clogging to some exteut. These materials can clog pore spaces at the
basin surface and thereby reduce the rate at which water can infiltrate. For
example, basins 4, 5, 6, and 7 began operating on April 18, 1983 at 350
gal/min (fig. 13) aund continued without ponding until mid-May 1983. Several
high coliform counts in the reclaimed water in late April and early May could
have caused all four basins to become ponded.

In summary, recharge—-basin performance was influenced by several
individual factors and by a combination of factors. Geunerally, recharge
basins were able to transmit reclaimed water through the basiu floor to the
surficial aquifer with little or uno delay. The iuncrease in water stage
(decreased infiltration rate) at any time can be correlated with decreases in
the quality of reclaimed water, higher inflow rates, and exteuded operating
periods.
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Injection—Well Operation

Before testing in October 1983, all five injection wells (locations shown
in fig. 4B) were redeveloped because they had not been pumped in 4 years.
After redevelopment, samples were obtained to document the chemical quality of
water near the wells before recharge.

Preinjection Redevelopment and Sampling

Redevelopment of wells A, B, C, and D consisted of surging and pumping
7-ft sections of the screen isolated between inflatable packers. After one
section of screen was redeveloped, the assembly was moved and the process
repeated for the next screen section. Isolating and working short intervals
of the screen gives maximum agitation per unit area. In well E, the whole
30-ft section of screen was redeveloped at one time by an air-line and
eductor-pipe system that permitted the introduction of compressed air for
surging. Each method had advantages and disadvantages. Developing short
intervals of screen allows for more complete redevelopment but was more costly
and time consuming. Redeveloping the entire 30-ft screened section at once
was easier but did not allow maximum agitation per unit screened area.

The redevelopment was done during August and September 1983. The
procedure consisted of surging the screen in 7-ft isolated sections with a
submersible pump rated at 500 gal/min. Each section was surged five or six
times with the pump on for 2 minutes and off for 1 minute. At the end of the
surge cycle, each of the 7-ft sections was pumped for 10 minutes, and a
turbidity sample was taken. In most samples, the turbidity value after
surging and pumping was less than 20 NTU (Nephelometric turbidity units).

The well with the built-in air-1ift redevelopment system (well E, no.
N9206 in fig. 4B) was surged nine times, with 5 minutes on and 2 minutes off.
The turbidity reading at the end of the surge cycle was 13 NTU.

Water samples were collected from each injection well at the completion
of redevelopment cycles. Results (table 7) describe the chemical quality of
formation water near the injection wells before the start of the injection
testl

Injection Tests

Two separate series of injection tests were made between October 5, 1983
and the end of December 1983. The first was designed to test the injection
pump and the flow meters and to ascertain the approximate rate of head buildup
in the injection wells. The second test was designed to stress the wells with
as much water as they could accept until the head inside the wells reached 35
ft above the static water level, which would be above land surface.

During the first test, injection wells D and E (N9205 and N9206 in fig.
4B) were used. The test began at 11:30 a.m. on October 5, 1983 and continued
for 24 hours. The average injection rates were 264 and 350 gal/min for wells
D and E, respectively. The head buildup at wells D and E and at two nearby
observation wells--N9691 (upper glacial aquifer) and N9085 (Magothy aquifer)--
8 ft and 44 ft away, respectively, is plotted in figure 16. The head buildup
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Table 7.--Concentration of selected constituents in formation

water near ingection wells, September 9, 1983

[Well locations are shown in fig. 4B;
dashes indicate value below detection limit]

Well number

N9202 N9203 N9204 N9205 N9206
Constituent A B C D E
pH 6.2 6.3 5.7 5.8 5.6
Specific conductance
(uS/cm at 25 °C) 400 628 350 393 333
Calcium (mg/L) 29 59 a 23 23
Magnesium (mg/L) 5.7 16 a 7.1 4,0
Potassium (mg/L) 6.4 2.2 a 5.3 6.2
Sodium (mg/L) 25 80 a 33 27
Chloride (mg/L) 26 90 a 38 26
Fluoride (mg/L) 0.1 <0.1 a <0.1 <0.1
Sulfate (mg/L) 45 85 a 39 42
Lead (ug/L) 5 12 a 7 3
Chromium (ug/L) 10 10 a 20 20
Iron (ug/L) 130 80 a 600 290
Nickel (ug/L) 5 4 a 2 3
Manganese (ug/L) 10 80 a 40 370
Zinc (ug/L) 10 20 a 10 lO
Nitrogen, total as N (mg/L) 23 37 a 16 8.8
Nitrogen, total NH,* as N
(mg/L) 0.02 0.01 <0.01 <0.01 0.05
Nitrogen, total NOjy + NOj
as N (mg/L) 22 36 18 16 8.2
Nitrogen, total organic
as N (mg/L) 0.98 - - - 0.55
Carbon, total organic (mg/L) 0.9 2.8 1.2 1.0 1.2
Phosphorus, total (mg/L) 0.01 0.03 0.02 0.03 <0.01
Dichlorobromethane (ug/L) -~ <1 <1 <1 <1
Tetrachloroethylene (ug/L) - 27 <1 330 <1
1,1,1-Trichloroethane (ug/L) 26.0 25 <1 9 22
Bromoform (ug/L) - <1 <1 <1 <1
1,2-trans-Dichloroethylene
(vg/L) -- 14 <1 170 <1

4 Analysis not performed.

within wells D and E after 1 day of injection was 6.5 and 23.5 ft,
respectively. Head buildups measured in observation wells during this test
ranged from 0.3 to 1.8 ft in the Magothy aquifer and 0.2 to 1.3 ft in the
upper glacial aquifer. The loss through the well screen of well E was
significant; loss through the screen of well D is minimal in comparison.

This 24-hour test was performed to carry out several objectives,
including evaluating the injection pumps and monitoring equipment during
operation, measuring head buildups within the injection wells, and the rise in
water-table elevation due to injection. The results showed that the injection
pumps and flow-monitoring equipment worked without a flaw and that approximate
head buildups as well as water-table increases can be measured accurately.
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All five injection wells were used during the second injection test,
which began on October 20, 1983 and ended December 11, 1983. Four wells (A,
B, C, and D) were used primarily from October 20 to December 7, 1983; well E
was operated for the 4 days before the test end. The maximum injection rates
were 340 gal/min for well A, 330 gal/min for well B, 257 gal/min for well C,
and 250 gal/min for well D. Head data were not available for any well after
November 30, 1983. Each well was operated at the constant rate mentioned
above until head buildup within the casing reached approximately 35 ft. The
depth to static water level from the top of each well casing before the test
was approximately 27 ft. Individual head buildups during the first 40 days of
this injection test, plotted in figure 17, ranged from less than 10 ft in well
D (N9205) to approximately 25 and 20 ft im wells A (N9202) and C (N9204),
respectively. Head within wells A and C continued to build up until the water
level within the casing was 35 ft above static, which was considered the
clogging level. This level was an arbitrary point based on pressure head and
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Figure 16.--Head buildup in injection wells D and E (N9205 and N9206)
and in nearest observation wells (N9691 and N9085) during
l-day ingjection test, October 5-6, 1983.
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well loss. At this time, all water was routed to recharge basins to
facilitate redevelopment of all injection wells. This redevelopment was
identical to the one done before recharge except that water—quality samples
were obtained from the "first flush" of water removed from the casing.

20 T T T T T T
Injection we i1 A
15 1
10 -
Inflow =340 gallons per minute
5 -
0 1 1 1 1 i ! 1 1 1
20 T T T T T T T T T
Injection weli B
15} — -
10 Inflow =330 galtons per minute 7
—
i
¥ 5k B
z
08: 0 1 i 1 i 1 1 1 1 1
- 25 T ~T T T T T T T T
2
g Injection well C
g 20 7
I
15
Inflow =257 gallons per minute -1
10 .
5 -
Q i 1 L ! \ 1 1 1 1
15 T —T T T T T T T T
Injection well D
10} -
5 Inflow =250 gallons per minute
Observation well N9691
o 1 1 A 1 A I R A i
0 10 20 30 40 50

INJECTION TIME, IN DAYS

Figure 17.--Head buildup in ingjection wells A (N9202), B (N9203),
C (N9204), and D (N9205) after 40 days during 50-day
test beginning October 20, 1983. (Well locations are
shown in fig. 4B).
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Evaluation of Well Clogging

Head buildup or clogging in the injection wells can be attributed to
biological, mechanical, and chemical action. These mechanisms can operate
separately or together, as described below.

Biological activity.—-This factor, due mainly to bacteria, caused
significant well clogging during recharge experiments at Bay Park during
1968-73 (Ehrlich and others, 1979). Head buildup during an injection test
with unchlorinated reclaimed water at Bay Park was higher than in all other
tests., Also, the bacterial counts in the water first recovered from the
filter pack after injection were much higher than in all other injection
tests. The Bay Park study (Ehrlich and others, 1979) also indicated that when
residual chlorine in the injected water was maintained at a level of about 2.5
mg/L, bacterial growth and attendant clogging was insignificant both in the
gravel pack and at the formation face.

During the East Meadow injection tests, the chlorine residual was
maintained between 0.2 and 1.5 mg/L at the treatment plant, and the bacteria
count was less than 2 MPN/mL for total coliform and fecal coliform throughout
the test, except on 2 days in November 1983, as shown in figure 15 (p. 31).

Mechanical clogging .—-This results mainly from the filtration of
suspended matter and(or) bubbles in the injection water onto the well screen,
gravel pack, and aquifer face (Vecchioli and others, 1980). Turbidity was
measured to document the suspended-solids concentration in the water; a plot
of cumulative daily turbidity values is given in figure 18. The plot
indicates that no abrupt change occurred during the 50-day test, and the
turbidity values remained within a narrow range (0.2 to 0.5 NTU) except during
the last 2 days, when it began to rise as a result of a treatment-plant
malfunction,

Well clogging may also be caused by entrained or entrapped air resulting
from turbulence or by bubbles arising from dissolved gases in the injected
water, but this is not likely to occur at the injection wells because the
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Figure 18.~--Cumilative datily turbidity of ingjection water
during 50-day ingection test, October 20 through
December 11, 1983,
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water is injected under pressure below static water level. Also, the
temperature of the reclaimed water was about equal to or warmer than aquifer
water, which would tend to keep any gases in the injected water dissolved.

Chemical clogging.-—Compounds of iron, aluminum, and phosphorus
contributed to well clogging during the 1968-73 injection tests at Bay Park
(Vecchioli and others, 1980), and redevelopment water at Bay Park contained
high concentrations of iron (up to 44,000 ng/L).

The total recoverable iron concentration in reclaimed water during the
injection test was low and relatively uniform (table 4); the highest value
recorded was 70 ug/L, and the median value was 40 ug/L. Upon completion of
the injection test on December 11, 1983, four of the five injection wells were
redeveloped to determine the major cause of clogging. The median concentra-
tions of selected constituents in the first flush of redeveloped water are
given in table 8. The first slug of redevelopment water had total recoverable
iron concentrations that ranged from 1,000 ug/L to 6,200 ug/L. Part of this
accumulation probably resulted from the filtration of colloidal or larger
particulates from the injected water, and part may have resulted from the
chemical precipitation of the dissolved fraction of this constituent at or
near the aquifer face.

In summary, clogging probably can be attributed to a combination of
factors. The cause for the increase in head buildup 17 to 26 days after
injection began (fig. 17) in wells A, B, and C is not easy to identify.
Cumulative turbidity (fig. 16) did not vary, and total and fecal coliforms
were below 2 MPN/100 mL for the duration of the test. Therefore, chemical and
physical clogging apparently played a significant part, as evidenced by the
high iron concentration in the redevelopment water.

Table 8.--Median concentration of selected constituents of water from
redeveloped injection wells after December 11, 1983

Constituent or characteristic Concentration

Specific conductance (uS/cm at 25 °C) 864

pH 7.5
Nitrogen, organic total (mg/L) 1.8
Nitrogen, NH; as N (mg/L) .29
Nitrogen, NO3 as N (mg/L) .29
Nitrogen, NOp as N (mg/L) .01
Nitrogen, total (mg/L) 2.3
Phosphorus (mg/L as P) .69
Chloride (mg/L as Cl) 120.0
Fluoride (mg/L as F) b
Iron, total recoverable (ug/L as Fe) 1,650
Manganese (ug/L as Mn) 160
Potassium (mg/L as K) 13
Sodium (mg/L as Na) 97

Evaluation of Injection-Well Performance

Observations made throughout the injection tests indicate that injection
wells did not operate to full efficiency. Head buildups within the well
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casings have indicated relatively rapid screen clogging, or clogging of the
gravel pack or aquifer immediately around the well bore, and therefore reduced
transmission to the formation. The type of packing around the well screen did
not seem to play a role in well efficiency. Although well A (N9202), the only
well without an artificially packed well screen, accepted higher recharge
rates than all other wells, it was the first well to clog. Wells B and C
(N9203 and N9204, respectively) clogged soon after or displayed heads
indicative of clogging. It appears, therefore, that the type of packing
surrounding the well screen did not greatly increase or decrease well
performance. Given the same operating conditions, both types of wells would
need frequent redevelopment.

EFFECTS OF ARTIFICIAL RECHARGE ON THE UNSATURATED ZONE

Two of the seven basins at the recharge facility are equipped with a
circular observation manhole 12 ft in diameter that extends 16 ft below the
basin floor and contains instruments for collecting data on the physical and
chemical processes that take place within the unsaturated zone during
recharge. Infiltration rates, pressure-head distribution, soil-moisture
content, ground-water levels, and soil gases can be monitored, and inclined
gravity lysimeters installed through the manhole wall allow the collection of
soil-water samples for chemical analyses. Observation wells installed through
the manhole floor into the upper glacial aquifer allow collection of water
samples once reclaimed water intercepts the water table. The instrumentation
is described more fully in Schneider and Oaksford (1986).

Two separate recharge experiments were conducted at these basins (basins
2 and 3 in fig. 4B) from June 20, 1983 through January 9, 1984, A 72-hour
test was run at basin 3 from June 20-23, in which 3 Mgal of reclaimed water
was returned to the ground-water system, and a 176-day test was run at basin 2
from July 18 through January 9, 1984, in which 153 Mgal of reclaimed water was
applied.

72~-Hour Test at Basin 3

On June 20, 1983, reclaimed water was released into basin 3 at a rate of
700 gal/min. Water ponded within the first 3 hours and reached its highest
stage of 1l.11 ft after 13 hours (fig. 19). This initial ponding was caused
mainly by air entrapped within the soil. After 13 hours, the stage began to
decline. Shortly thereafter, the supply pumps were shut down for 30 minutes
during a treatment-plant malfunction, but inflow was maintained at 500 gal/min
from the storage reservoir. This reduction in flow caused a rapid decrease in
water stage. When the inflow was restored a half-hour later, water stage
continued to decrease until parts of the basin floor were exposed. The
infiltration rate at this time (fig. 19), 46 hours into the test, was
therefore greater than 1.12 ft/h, the infiltration rate calculated for 700
gal/min inflow with no change in storage. Infiltration rate was estimated to
range between 1.2 and 1.5 ft/h. This estimate is based on a recharge rate
within a reduced infiltrating area. Because 75 percent of the 5,000 ft2 basin
was ponded, an estimated active recharge or infiltrating area was used in the
infiltration-rate calculation.
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Figure 19.--Water stage and infiltration rate during 72-hour
ponding test at basin 3, June 20-23, 1983.
(Modified from Schneider and others, 1984.)

Depth and Effect of Controlling Zone

Pressure head in the unsaturated zone as measured by horizontal
tensiometers during infiltration revealed the gradual formation of a clogging
layer (fig. 20). No resultant reduction in infiltration rates was seen during
this brief test.

Fourteen tensiometers had been installed through the walls of the manhole
in all directions at depths ranging from 0.6 to 13.87 ft below the basin
floor. Pressure~head measurements during the test indicated this layer to be
between tensiometers 4 and 5 (approximately the 4~ and 5-ft depths). Pressure
heads before the test were negative (line 1, fig. 20) throughout the profile,
ranging from -10.0 to -15.10 inches, but increased rapidly during the test to
positive values, which indicates saturation within the upper 4 ft after 13
hours. Below 4 ft, pressure head was consistently O or negative, which
indicates the persistence of unsaturated conditions. Measurements of soil
tension, or negative pressure head, can indicate the presence and thickness of
a controlling zone. Calculating vertical hydraulic conductivity of soil
intervals through Darcy's law can indicate the degree of control that these
zones exhibit. The basin's wall, which extends 4 ft below the basin floor,
confines flow to the vertical direction. Hydraulic conductivity can thus be
determined by the equation:

q V2
K = o (2)
dh Vi
—+ 1
dl

41



0
1
2 +
3 -
o
w
u
Z
~oa b
@
o}
o
T
Z 5L
b SOIL-MOISTURE TENSION
[20]
= 1 - Before test 6/20/83,
9 1245 hours
o 6 2 - After 1hour 6/20/83, ]
z 1400 hours Figure 20.
a 3- After 2 hours 6/20/83,
[a} 1500 hours .
r 4- After 13 hours 6/21/83, | Pressure head during
0200 hours infiltration of
reclaimed water
8 b _ through the
unsaturated zone
beneath basin 3,
June 20-21, 1983.
ok N (Modified from
Sehneider and
others, 1984.)
-20 -10 0 10 20 30
PRESSURE HEAD, IN INCHES
where: K = vertical hydraulic conductivity at 60° F, in ft/d;
q = infiltration rate, in ft/h;
dh = difference in pressure from the lower boundary to the
upper boundary of a zone, in inches of water;
dl = thickness of the zone, in inches;
dh
— + 1 = hydraulic gradient;
dl
Vo = kinematic viscosity of water in the basin, in centistokes;
V] = kinematic viscosity of water at 60° F.
Calculation of hydraulic conductivity from field data gathered on June

21, 1983 (line 4
The infiltration

on fig. 20) from the 0~ to 5-ft depth interval is as follows:
rate, q, was 1.12 ft/h; V|, the kinematic viscosity of water

at 60° F, 1s 1.127 centistokes, and temperature of water in the basin was
66.6° F; therefore, Vj, the kinematic viscosity of water in the basin is
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1.030 centistokes. Thickness of the interval is 58.92 inches, and pressure
head at upper boundary is 13.44 inches and at the lower boundary is -1.15
inches.

Therefore, dh is 14.59 inches. From these values one can calculate K as
follows:

q Vo) 1.12 ft/h  1.03
K = s — = . = 0.82 ft/h x 24 h/d = 19.7 ft/d
dh vy 14.60 1.12
— + 1 + 1
dl 58.9

Hydraulic~conductivity values for the 0- to 5-ft and 4- to 5-ft zones as
calculated from test data in figure 20 are given in table 9. The computations
indicate that the 4- to 5-ft interval contains material of lower permeability
than that at other depths and that it limits the rate at which water can pass
through that zone. The average hydraulic conductivity of this zone is 12.4
ft/d, almost half the value of 23.1 ft/d averaged over the entire profile. 1In
most basins at this site, the greatest head loss occurs within the first foot
beneath basin surface, but at this basin the controlling layer is at depth.
Because this test was only 72 hours long, the effect of this layer on
prolonged infiltration could not be seen. Most likely, ponding would have
increased as water built up above the less permeable zone. This zone is
probably not uniformly continuous beneath the basin because nearly 50 percent
of the basin floor was exposed during the last 48 hours, which suggests that
water moves with less resistance beneath other parts of the basin.

Table 9.--Hydraulic data on two depth intervals during
pording test at basin 3, June 20-23, 1983

Vertical
Infiltra- hydraulic
Pressure head, tion rate conduc-
Time Time since (inches of water) adjusted tivity
of test began  Upper Lower Hydraulic to 60 °F at 60 °F
Date day (hours) boundary boundary gradient (ft/h) (ft/d)
A. O0- to 5-ft interval (58.92-inch thickness)
6-20-83 1345 0.45 0 ~7.08 1.12 0.83 17.8
6-20-83 1445 1.45 4.8 -1.26 1.10 .93 20.2
6-20-83 1545 2.45 4.8 -1.19 1.10 1.03 22.5
6-22-83 0700 42 3.24 -2.20 1.09 1.12 24.6
6-23-83 0800 67 1.90 -2.20 1.07 1.37 30.7
B. 4~ to 5-ft interval (12.36-inch thickness)
6-20-83 1445 1.45 8.65 -1.26 1.80 .93 12.4
6-20-83 1545 2.45 10.72 -1.19 1.96 1.03 12.6
6-21-83 1300 24 18.17 - .89 2.54 1.14 10.7
6~-22-83 0700 42 13.80 -2.20 2.29 1.12 11.7
6-23-83 0800 67 13.00 -2.20 2.23 1.37 14.7
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Movement of Wetting Front

Neutron geophysical logs were taken throughout the 3-day test period to
monitor the movement of reclaimed water through the unsaturated zone. These
soil-moisture logs were obtained from neutron-access tubes 1 through 6
(locations are shown in fig. 23) within and adjacent to basin 3 to show both
the vertical and horizontal progression of the wetting front from the basin
floor. 1In a series of neutron logs from access tube 5 within basin 3 (fig.
21A), the first "slug" of reclaimed water was shown to arrive at the water
table after approximately 4 hours. The average vertical interstitial velocity
calculated from the advance of the wetting front, if the water table is
assumed to be at or near 24 ft below basin surface, is 6.0 ft/h. This value
was verified by the water-table response at an observation well (N9826) within
the manhole. The hydrograph from this well (fig. 21B) shows the increase in
water level 3.5 to 4 hours after testing began. The mound reached its highest
peak of 3.1 ft within 24 hours and remained nearly that high for the rest of
the test. When recharge ceased, the mound subsided within 12 to 18 hours to
its original level.
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Figure 21.--Soil-moisture and ground-water levels beneath recharge
basin 3 during 72-hour recharge test, June 20-23, 1983.
A. Soil-moisture logs from first 4 hours of test. (Modified
from Schneider and others, 1984.,) B. Hydrograph of
well N9826 (within basin) before and during test.
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Neutron logs obtained from access tubes 6,

12, and 18 ft west of basin 3

(fig. 22) indicate that lateral movement of water above the water table was

negligible-—moisture buildup ranged from O percent at a distance of 18 ft from

the basin to 8 percent 6 ft away.

This would indicate that movement beneath
the area enclosed by the retaining walls is virtually vertical.
soil-moisture buildup just outside the retaining wall (fig. 23) indicates some

degree of lateral movement, but this can be considered insignificant.
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Figure 22.--Soil-moisture logs from neutron-access tubes 6 ft, 12 ft,
and 18 ft west of basin 3 during 72-hour recharge test,

June 20-23, 1983.
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Figure 23.--Location of neutron-access tubes i1 aid adjacent to basins
2 and 3. (Modified from Schneider and Oaksford, 1986.)

The disturbance on the soil-moisture log from the access tube 6 ft west
of the basin between 9 ft and 11 ft below land surface (fig. 22) could be
correlated with the layer of lower permeability 4 to 5 ft below the basin
floor indicated by tensiometers. Again, this zone is probably discontinuous,
as indicated by its absence in the two other soil-moisture logs.

Chemical Quality of Reclaimed Water Within the Unsaturated Zove

One purpose of these experiments was to observe the effect of the
unsaturated zone on the chemical quality of reclaimed water as it percolates
to the water table. The four gravity lysimeters in basin 3, installed through
the manhole wall at depths of 2.5 ft, 5.3 ft, 8.2 ft, and 11 ft below the
basin floor, permitted collection of water samples from the unsaturated zone
during Infiltration.

The gravity lysimeters (fig. 24) consist of (1) a 6-inch-diameter
stainless steel tube that extends diagonally upward through the manhole wall
into the soil; (2) an extended screened-plate assembly within the tube to
retain the soil; (3) a purging system that can be used to redevelop the
lysimeter should it become clogged; and (4) an airtight end cap that prevents
exchange between the air in the manhole and soil atmosphere. The hydraulic
design considerations for the installation of gravity lysimeters used at this
facility are discussed by Oaksford (1983).

Lysimeters 1, 3, and 4 (at depths of 2.5 ft, 8.2 ft, and 11 ft,
respectively) captured sufficient volumes of reclaimed water to permit daily
sampling, but lysimeter 2, whose capture plane is 5.3 ft below the basin
floor, did not, probably because it tapped the less conductive silt layer
discussed previously or, possibly, because the process of installation
compacted the material, making the soil at the lysimeter opening virtually
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impermeable, which would cause diversion of percolating water around and away
from the plane of capture.

A total of 20 samples were takeun during the 72-hour test, including four
from reclaimed water ponded in the basin, four from each working lysimeter,
and four from an observatioun well within the basin aud screeuned at the water
table. Samples were analyzed for selected inorganic constituents (table 10A),
nitrogen, carbon, and phosphorus (table 10B), heavy metals (table 10C), aund
low-molecular-weight orgaunic compounds (table 10D).

Soil-water sampling was timed to obtain water from the same slug as it
passed the successive lysimeters. The data presented in table 10 are arranged
in sequence from left to right, showing the chemical history of a giveun slug
of water as it moved from the basin to the water table. The first day of
recharge marked the first passage of reclaimed water through the system, and
samples collected at respective depths represent the first arrival of
reclaimed water and therefore reflect the effects of its mixing with soil
water that was in the unsaturated zomne before recharge. The data in table 10
indicate that most counstituents move through the uunsaturated zone with little
or no change in concentratiomu.

One of the few constituents that was affected duriung travel through the
unsaturated zone was phosphorus (table 10B). The decrease on June 20, the
first day of sampling, from 0.35 mg/L to 0.0l mg/L within the unsaturated zone
is attributed largely to dilution by mixing with native pore water. Decreases
in concentration throughout the profile iu the subsequent daily samplings
support the conclusiou that phosphorus was being adsorbed by the earth
material. The samples collected on June 22 aud 23 show au increase in
phosphorus coucentration at the first lysimeter, indicating that the adsorp-
tive capacity of the upper 2.5 ft of material was approaching its limit,.
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Table 10. Chemical analysis of reclaimed water from recharge basin 3,
ungaturated zone, and water table beneath basin during
recharge test of June 20-23, 1983

A. TINORGANIC CATIONS AND ANIONS

Source
Lysimeters! Observation
Date Constituent Basin 1 3 4 well (N9825)

6-20-83 Calcium (mg/L) 49 30 42 30 32
Magnesium (mg/L) 6.7 3.4 1.5 1.3 2.6
Potassium (mg/L) 12 4.0 13 6.8 34
Sodium (mg/L) 96 38 57 61 45
Chloride (mg/L) 120 84 110 110 60
Fluoride (mg/L) 0.3 0.1 - 0.1 0.1
Sulfate (mg/L) 71 36 58 81 44
pH 7.3 6.6 6.6 5.4 7.1
Specific conductance 822 445 607 603 527

(uS/cm)

6-21-83 Calcium (mg/L) 50 48 49 47 42
Magnesium (mg/L) 7.7 7.4 7.6 7.4 6.0
Potassium (mg/L) 12 11 12 12 28
Sodium (mg/L) 94 95 96 95 92
Chloride (mg/L) 120 120 120 120 120
Fluoride (mg/L) 0.2 0.2 0.2 0.2 0.2
Sulfate (mg/L) 63 63 62 63 65
pH 7.3 7.3 7.4 7.4 7.5
Specific conductance 800 797 817 801 814

(uS/cm)

6-22-83 Calcium (mg/L) 50 50 51 49 47
Magnesium (mg/L) 7.4 7.3 7.5 7.3 6.9
Potassium (mg/L) 12 11 12 12 20
Sodium (mg/L) 92 93 93 90 93
Chloride (mg/L) 110 110 110 110 110
Fluoride (mg/L) 0.2 0.2 0.2 0.2 0.3
Sulfate (mg/L) 71 69 68 68 69
pH 7.5 7.5 7.5 7.6 7.6
Specific conductance 814 797 810 805 804

(uS/em)

6-23-83 Calcium (mg/L) 52 51 51 51 48
Magnesium (mg/L) 7.7 7.6 7.8 7.6 7.3
Potassium (mg/L) 12 12 12 12 17
Sodium (mg/L) 91 91 93 91 95
Chloride (mg/L) 120 120 120 120 120
Fluoride (mg/L) 0.3 0.2 0.2 0.3 0.3
Sulfate (mg/L) 82 81 82 81 80
pH 7.3 7.2 7.2 7.3 7.2
Specific conductance 841 827 833 838 838

(uS/cm) .

1 Lysimeters 1, 3, and 4 are 2.5, 8.2, and 11 ft below basin surface,
respectively.
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Table 10. Chemical analysis of reclaimed water from recharge basin 3,
unsaturated zone, and water table beneath basin during
recharge test of June 20-23, 1983 (contimued)

Source
Lysimeters | Observation
Date Constituent Basin 1 3 4 well (N9825)
B. NITROGEN, CARBON, AND PHOSPHORUS SPECIES (all values in mg/L)
6-20-83 Nitrogen, total as N 0.7 0.60 0.9 0.7 1.3
Nitrogen, total NH,* as N 0.03 0.3  0.03 0.02 0.03
Nitrogen, total N0, + NO3 as N 0.39 0.3 0.5 0.5 0.97
Nitrogen, total organic as N 0.27 0.27 0.37 0.18 0.27
Carbon, organic total 2.10 3.0 4.6 1.6 2.7
Phosphorus, total 0.35 0.01 0.01 0.01 0.03
6-21-83 Nitrogen, total as N 1.0 0.8 1.0 0.7 0.7
Nitrogen, total NH4+ as N 0.04 0.02 0.03 0.02 0.03
Nitrogen, total NOj + NO3 as N 0.60 0.4 0.5 0.50 0.5
Nitrogen, total organic as N 0.36 0.38 0.47 0.18 0.17
Carbon, organic total 2.00 1.90 1.90 1.6 1.9
Phosphorus, total 0.43 0.06 0.02 0.01 0.02
6-22-83 Nitrogen, total as N 0.70 0.8 0.8 0.90 0.8
Nitrogen, total NH,* as N 0.01 0.01 0.01 0.0l 0.01
Nitrogen, total NO, + NO3 as N 0.50 0.50 0.50 0.60 0.60
Nitrogen, total organic as N 0.30 0.3 0.3 0.30 0.20
Carbon, organic total 2.10 2.3 2.1 1.9 2.3
Phosphorus, total 0.36 0.13 0.02 0.02 0.03
6-23-83 Nitrogen, total as N 0.8 0.7 0.7 0.7 0.8
Nitrogen, total NH,% as N 0.03 0.05 0.01 0.02 0.01
Nitrogen, total NOy + NOg as N 0.5 0.5 0.5 0.5 0.5
Nitrogen, total organic as N 0.3 0.3 0.3 0.3 0.3
Carbon, organic total 2.5 2.2 2.3 2.4 2.1
Phosphorus, total 0.27 0.15 0.06 0.02 0.04
C. HEAVY METALS (all values are in ug/L)
6-20-83 Lead, total as Pb 3 9 10 20 3
Chromium, total as Cr 10 20 20 20 20
Iron, total as Fe 40 3,600 140 200 360
Nickel, total as Ni 11 11 6 7 5
Manganese, total as Mn <10 70 30 20 10
Zinc, total as Zn 270 130 90 80 100
6-21-83 Lead, total as Pb 7 12 19 12 9
Chromium, total as Cr 10 10 10 10 20
Iron, total as Fe 60 1,300 150 30 100
Nickel, total as Ni 9 7 5 4 8
Manganese, total as Mn 10 20 10 <10 <10
Zinc, total as Zn 30 50 30 40 40
6-22-83 Lead, total as Pb 3 6 9 5 2
Chromium, total as Cr 10 10 10 10 10
Iron, total as Fe 70 590 860 130 60
Nickel, total as Ni 15 10 8 9 4
Manganese, total as Mn <10 10 10 <10 10
Zinc, total as Zn 30 50 100 30 30
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Table 10. Chemical analysis of reclaimed water from recharge basin 3,
ungaturated zone, and water table beneath basin during
recharge test of June 20-23, 1983 (continued)

Source
Lysimeters! Observation
Date Constituent Basin 1 3 4 well (N9825)
C. HEAVY METALS (continued)
6-23-83 Lead, total as Pb 15 4 4 5 9
Chromium, total as Cr 10 10 10 <10 10
Iron, total as Fe 1,500 130 140 90 230
Nickel, total as Ni 19 11 8 13 11
Manganese, total as Mn 30 10 10 10 10
Zinc, total as Zn 170 50 30 30 40

D. LOW-MOLECULAR WEIGHT ORGANIC COMPOUNDS
[A11 values are in ug/L; dashes indicate value below detection limit])

6-20-83 Dichloromethane 0.70 0.31 2.31 0.51 0.15
Trichloromethane .28 .10 W41 .18 .11
1,1,1-Trichloroethane - .03 - - .07
Bromodichloromethane .73 - .16 .20 -
Dibromochloromethane 3.51 2.93 5.21 5.71 1.54
Tribromomethane 41.63 14.52 26.60 28.66 8.62

6-21-83 Dichloromethane .83 .58 .63 .73 71
Trichloromethane .25 .30 .39 .38 .26
1,1,1-Trichloroethane - - .17 - -
Bromodichloromethane 1.25 1.00 1.10 6.82 1.13
Dibromochloromethane 11.02 3.41 8.67 10.18 10.28
Tribromomethane 47.36 34.47 34.64 35.02 50.14

6-22-83 Dichloromethane .72 1.5 .80 1.00 1.1
Trichloromethane .73 .60 1.00 .80 .60
1,1,1-Trichloroethane - - - .30 -
Bromodichloromethane 1.57 1.20 1.94 2.80 2.6
Dibromochlorome thane 3.26 10.80 3.40 12.00 12.3
Tribromomethane 26.51 38.20 23.46 32.00 31.2

6-23~83 Dichloromethane .20 1.5 1.40 2.50 6.0
Trichloromethane .30 .60 60 .60 «5
1,1,1-Trichloroethane - - - - -
Bromodichloromethane .70 1.2 1.40 1.2 .8
Dibromochloromethane 8.5 10.8 11.0 10.8 8.9
Tribromomethane 40.0 38.2 36.0 45.0 36.0

1 Lysimeters 1, 3, and 4 are 2.5, 8.2, and 1l ft below basin surface,
respectively.

All major inorganic anions and cations except potassium (table 10A) show
relatively little change as they move through the unsaturated zone. Although
the other major ions showed an initial decrease in concentration as a result
of dilution by pore water, potassium showed a marked increase between the
water table and lysimeter 4 during the first 2 days, which may reflect the
stripping of potassium from the sand and gravel particles. This phenomenon
subsided considerably after 3 days of testing. Ten pore-water samples
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collected from the unsaturated zone before recharge had an average sodium
concentration of 15 mg/L and an average potassium concentration of 5 mg/L.
This ratio (3:1) is much lower than the ratio in reclaimed water (8:1). The
increase in sodium could force potassium to leach from exchange sites within
the sand and gravel matrix until a new equilibrium is reached. The most
pronounced change occurred on the first day of testing, when reclaimed water
was initially released into the unsaturated zone, but as the system began to
reach equilibrium over the next two 2 days, less potassium was leaching into
percolating water, and potassium concentrations in ground water therefore
decreased. ‘

Results of heavy-metals analyses are shown in table 10C. Most notable is
the initial increase in iron and manganese, which are presumably derived from
iron and manganese hydroxide coatings commonly found on the sand and gravel of
the unsaturated part of the upper glacial aquifer. Most of the other metals
show either a net decrease or no change with passage through the unsaturated
zone.

Concentrations of selected low-molecular-weight organic compounds known
to be present in the reclaimed water (table 10D) remained virtually unchanged
during passage through the unsaturated zone.

Five-Month Test at Basin 2

On July 18, 1983, basin 2 (fig. 4B) was put into operation for 176
consecutive days until January 9, 1984. The average inflow rate from July 18
to December 5 was 665 gal/min. After December 5, the inflow rate was
decreased progressively (fig. 25) from 425 gal/min to 250 gal/min in response
to increasing basin stage until the test ended on January 9. A total of 153
Mgal of reclaimed water was transmitted to the ground-water system through
this basin. No ponding was evident for the first 28 days, and only 50 to 75
percent of the floor was covered with water during this time. During the next
14 weeks, however, ponding increased to approximately 2 ft. In the next 5 to
10 days, by December 6, 1983, when stage increased to 3.5 ft, the inflow rate
was reduced from 650 to 425 gal/min. This procedure reduced the water stage
for several days, but on December 15 it began to increase once again and
peaked at 3.7 ft. The inflow rate was again reduced, this time to 250
gal/min, after which the stage remained relatively constant until January 9,
1984, when operations ceased. This test proved that high recharge rates can
be preserved if necessary for many weeks with no substantial maintenance
procedures.

The infiltration rates of this basin were moderate to high during the
first month of this test, when only 50 to 75 percent of the basin was covered,
and, as the inflow rate neared 800 gal/min, the infiltration rate equaled 2.6
ft/h. However, since most of the test was conducted at an inflow rate of 665
gal/min, the infiltration rates were closer to 1.1 ft/h.

The effect of recharge at 1 Mgal/d through a single basin was observed
when basin 2 was operated by itself for several days. The hydrograph in
figure 26 shows the increase in water levels in a well 10 ft north of the
basin 2 retaining wall. During the 8 days that this basin was in operation
alone (July 18-25, 1983), the water level rose nearly 3.0 ft. Directly
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beneath the manhole, mounding reached 4 ft above static level.

figure 27.

reached 80 percent of their total heights within 96 hours.

subsided within 12 to 18 hours when recharge was discontinued.
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Figure 25.--Inflow rate and water stage in basin 2 during &-month
recharge test, July 18, 1983 to January 9, 1984.
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Figure 27.--Ground-water mound after first 8 days of S-month
recharge test at basin 2.

Development of Controlling Layer

Although basin 2 is less than 100 ft from basin 3, in which the 72-hour
test was conducted, it showed different unsaturated—zone characteristics and
dynamics. Also, the silty layer that begins 4 ft beneath basin 3 is absent
beneath basin 2.

After about 7 days of recharge, a controlling layer began to form at
basin surface, as indicated by the soil-moisture tension (fig. 28A). Soil-
moisture tension during the first 7 days of operation (fig. 28A) shows a
return toward an unsaturated condition beginning 1 day after the test began,
and the unsaturated condition remained throughout the profile for the duration
of the test, as shown in figure 28B. At the time, when the 2- and 4-month
soil-moisture measurements were taken (curves 2 and 3 in fig. 28b), 3.0 and
21.6 inches of head were observed in the basin, respectively. This suggests
that the majority of the head loss occurs at the basin floor, which indicates
surface control.
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This assumption is supported by the vertical hydraulic conductivity of
the 0- to 1-ft and the 0- to 5-ft depths. Vertical hydraulic-conductivity
values at selected times during the 176-day test were calculated from head
increases and are presented in table 11. Most noticeable is the reduction in
hydraulic conductivity (K) with rising basin stage. Values of K for the 0- to
1-ft.depth range from 2.1 to 28 ft/d, whereas the values for the 0- to 5-ft
zone range from 6.1 to 47.9 ft/d. It 1s evident that, by the end of the test,
the basin surface was transmitting less water to the unsaturated zone, which
in turn caused basin stage to increase. If recharge operations were to
continue, this would have been an appropriate time to restore infiltration
capacity by letting the basin floor dry and(or) scarifying the soil surface.
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Figure 28.--Pressure heads within the unsaturated zone during S-month recharge
test at basin 2: A, before test, and after 24, 96, and 168 hours
of recharge; B, before test and after 2 and 4 months of recharge.
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Field measurements of soil-moisture tension reveal the location and
extent of the zone controlling infiltration. Although basins 2 and 3 are only
50 ft apart, differences in their surficial and subsurficial characteristics
significantly affect recharge efficiencies.

Table 11.--Hydraulic data on the 0- to 5-foot and 0- to 1-foot depth intervals
below floor of basin 2 during 5-month recharge test

Vertical
Infiltra— hydraulic
Pressure head, tion rate conduc-
Time Time since (inches of water) adjusted tivity
of test began Upper Lower Hydraulic to 60 °F at 60 °F
Date day (days) boundary boundary gradient (ft/h) (ft/d)
A. O0- to 5-ft interval (thickness 58.8 inches)
7-25-83 1250 7 0 ~-2.75 1.05 2.09 47.7
8-16-83 0100 29 3.6 -2.81 1.11 .91 19.7
10-10-83 2300 84 21.36 ~2.04 1.40 .90 15.4
12-20-83 2400 155 31.20 ~2.43 1.57 .65 9.9
1- 9-84 1500 176 40.00 -3.27 1.74 44 6.1
B. O~ to l-ft interval (thickness 11.4 inches)
7-25-83 1250 7 0 -8.95 1.79 2.09 28.0
8-16-83 0100 29 3.6 -3.14 1.59 .91 13.7
10-10-83 2300 84 21.36 -1.23 2.98 .90 7.2
12-20-83 2400 155 31.20 -3.11 4,01 +65 3.9
1- 9-84 1500 176 40.00 ~4.95 4,95 A4 2.1

Movement of Wetting Front

Neutron geophysical logs were obtained within and adjacent to basin 2
(locations are shown in fig. 23, p. 46) during the 5-month recharge test as in
the 72~hour test at basin 3. A series of neutron logs taken during the first
2 hours of the test is given in figure 29. The first slug of reclaimed water
reached the water table in just over 2 hours, which would indicate the average
interstitial velocity to be 12 ft/h., This velocity is verified by the
response to recharge at an observation well 10 ft north of basin 2. When the
test began at 1230 hours, the water level in the well was 66.50 ft above sea
level. Between 1415 and 1430 hours, the water level rose 0.20 ft from 66.63
to 66.83 ft above sea level, which indicates that reclaimed water had reached
the water table. During the next several hours, the water level rose about
0.10 ft every 15 minutes to a height of 70.54 after 48 hours.

Neutron access tubes 9, 10, and 11 (fig. 23) were also logged to detect
vertical and lateral movement of water throughout this 5-month test. The logs
from access tubes 10 and 11, which are 12 and 24 ft north of basin 2 (fig.
30B, 30A) show insignificant lateral movement within the unsaturated zone,
even after 3 months, and the log from neutron access tube 9, 6 ft from the
retaining wall (fig. 30C), indicates only a 5-percent soil-moisture buildup
after 3 months. These results, as at basin 3, verify that horizontal movement
in the unsaturated zone is insignificant in relation to vertical flow.
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Water Quality in Unsaturated Zone at Basin 2

An attempt was made to use the same sampling schedule for this test as
had been used at basin 3 to provide comparable results. Therefore, most of
the soil-water samples to be used for chemical analysis were obtained during
the first 5 days of recharge. One sample of reclaimed water entering the
basin was collected hourly beginning July 18 at 1400 hours and ending at 1100
hours on July 22, 1983, and composited. One sample was also collected from
each lysimeter (all four lysimeters collected sufficient volumes) on July 18,
20, and 22 and one from an observation well (N9821) beneath the manhole on the
same dates. Another suite of samples was collected just before the test ended
in December 1983, to determine what long-term changes in water quality
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occurred during the 5 months of basin operation. On December 12, 1983, a
sample was collected from each lysimeter and from the observation well beneath
the manhole. A basin composite sample was derived from hourly samples begin-
ning at 1000 hours December 12 and ending at 1000 hours on December 13, 1983.
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Figure 30.--Soil-moisture logs obtained selected distances from basin 2 during
recharge test of July 18, 1983: A, neutron access tube 11, 24 ft north of
basin 2; B, neutron access tube 10, 12 ft north of basin 2; and C, neutron
access tube 9, 6 ft north of basin 2. (Locations are shown in fig. 23.)
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The results, summarized in table 12, indicate that concentrations of most
chemical counstitueuts changed little during passage through the unsaturated
zone. The councentrations are similar to those found during the 72-hour test
at basin 3. Some constituents showed a small fluctuation on the first
sampling date as a result of dilution with native water remaining in the
unsaturated zoune before recharge; other constituents showed no change in
concentration. After the first sampling date, concentrations of most
constituents were unaltered. Of interest, however, is the fate of phosphorus
through time. During the first week of the 5-month test, as im the 72-hour
test, phosphorus was actively adsorbed within the unsaturated zone. After
several days, however, the adsorptive capacity of the unsaturated zoune
decreased; hence, the phosphorus concentrations increased with depth within
the unsaturated zone. On December 12, 1983, the final sample showed soil
water within the unsaturated zone and ground water beneath the basin to
contain much higher phosphorus concentrations than ambient ground water.

The stability of chemical constituents during transit to the water table
at basins 2 and 3 can be attributed to three main factors: (1) the nonreac-
tive nature of the quartzose sand and gravel that forms the upper glacial
aquifer gives only a small potential for exchange reactions; (2) the short
retention time within the unsaturated zone (12 ft/h in basin 2 and 6 ft/h in
basin 3) minimizes the time in which chemical exchange reactions or degrada-
tion by microbiological activity can occur; and (3) reclaimed water is highly
treated before recharge, which makes additional filtration or chemical
alteration in the unsaturated zone unlikely. Thus, the chémical concentration
of reclaimed water is not altered or modified to any significant degree by
contact with the unsaturated zone.

Table 12.--Chemical analysis of reclaimed water from basin, unsaturated zone,
and water table beneath basin 2 during S-month récharge test.

Basin Lysimeters Obser-
com~- (Unsaturated zone) vation
Date Constituent posite 1 2 3 4 well

A. INORGANIC CATIONS AND ANIONS

7-18-83 Calcium (mg/L) 54 28 34 31 30 43
Magnesium (mg/L) 9.4 2.9 2.3 2.6 2.6 4,9
Potassium (mg/L) 12 5.6 9.5 18 25 15
Sodium (mg/L) 91 85 77 55 74 72
Chloride (mg/L) 130 120 120 99 120 110
Fluoride (mg/L) 0.2 0.1 0.1 0.1 0.1 0.1
Sulfate (mg/L) 72 81 80 67 84 56
pH 7.1 6.2 6.3 7.7 6.3 6.8
Specific conduc- 820 668 652 921 673 682

tance (uS/cm)

7-20-83 Calcium (mg/L) 53 51 52 52 49
Magnesium (mg/L) 9.5 9.5 9,7 9.6 6.9
Potassium (mg/L) 12 12 12 12 17
Sodium (mg/L) 110 110 110 110 100
Chloride (mg/L) 150 150 150 150 150
Fluoride (mg/L) 0.2 0.2 0.2 0.2 0.2
Sulfate (mg/L) 72 72 73 72 72
pH 7.7 7.8 7.7 7.7 7.3
Specific conduc- 921 921 921 912 891

tance (uS/cm)

- continued -~

58



Table 12.--Chemical analysis of reclaimed water from basin, unsaturated zone,
and water table beneath basin 2 during 5-month recharge test.

(continued)
Basin Lysimeters Obser-
com- (Unsaturated zone) vation

Date Constituent posite 1 2 3 4 well

A. INORGANIC CATIONS AND ANIONS (continued)

7-22-83 Calcium (mg/L) 52 54 53 54 52
Magnesium (mg/L) 8.4 8.8 8.6 8.9 8.6
Potassium (mg/L) 12 12 12 12 15
Sodium (mg/L) 110 86 110 95 92
Chloride (mg/L) 120 120 120 120 120
Fluoride (mg/L) 0.2 0.2 0.2 0.2 0.3
Sulfate (mg/L) 73 73 72 73 71
pH 7.5 7.6 7.5 7.5 7.4
Specific conduc- 864 865 866 854 853

tance (uS/cm)

12-13-83  Calcium (mg/L) 52 53 53 53 54 50
Magnesium (mg/L) 8.8 8.8 8.8 8.7 8.9 7.3
Potassium (mg/L) 13 13 13 13 13 11
Sodium (mg/L) 100 96 99 100 100 --a
Chloride (mg/L) 120 120 130 120 130 --a
Fluoride (mg/L) 0.5 0.6 0.6 0.6 0.6 --a
Sulfate (mg/L) 81 81 81 81 81 74
pH 7.3 6.8 6.9 7.1 7.1 7.2
Specific conduc- 863 870 867 866 874 859

tance (uS/cm)

4 analyses not performed

B. NITROGEN, CARBON, AND PHOSPHORUS SPECIES (in mg/L)
7-18-83 Nitrogen, total 1.4 1.9 2.7 2.9 2.5 1.8

as N

Nitrogen, total 0.02 <0.01 0.02 0.02 <0.01 <0.01
NHt as N

Nitrogen, total 1.2 1.7 2,5 2.4 2.3 1.6
NOp + NO3 as N

Nitrogen, total 0.18 -- 0.18 0.48 -- -
organic as N

Carbon, organic 2.1 3.6 4.3 7.9 2.9 2,3
total

Phosphorus, total 0.30 0.04 0,03 0.04 0.02 0.03

7-20-83 Nitrogen, total 1.5 1.6 1.5 -- 1.8

as N

Nitrogen, total <0.01 0.01 <0.01 <0.,01 <0.01
N&+asN

Nitrogen, total 1.3 1.3 1.3 1.3 1.6
NO, + NOj as N

Nitrogen, total --= 0.29 - - --
organic as N

Carbon, organic 1.4 0.8 0.8 -- 2.7
total

Phosphorus, total 0.02 0.03 0.04 0.04 0.10

(continued)
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Table 12.--Chemical analysis of reclaimed water from basin, unsaturated zone,
and water table beneath basin 2 during 5-month recharge test.

(continued)
Basin Lysimeter Observation
Date Constituent composite 1 2 3 4 well
B. NITROGEN, CARBON, AND PHOSPHORUS SPECIES (in mg/L) (continued)
7-22-83 Nitrogen, total 1.0 1.1 1.1 1.1 1.1
as N
Nitrogen, total <0.01 <0.01 0.01 <0.01 <0.01
NH," as N
Nitrogen, total 0.9 0.9 0.9 0.9 0.9
NO2 + NO3 as N
Nitrogen, total - - 0.19 -—- -
organic as N
Carbon, organic 1.5 1.2 1.0 1.1 1.6
total
Phosphorus, total 0.14 0.13 0.04 0.05 0.05
12-13-83 Nitrogen, total - - - -- - o7
as N
Nitrogen, total .26 0.05 0.22 0.06 0.08 0.03
NH," as N
Nitrogen, total <0.1 0.2 0.2 0.2 0.2 0.4
NOp + NO3j as N
Nitrogen, total 0.24 - - -- - --=
organic as N
Carbon, organic 5.8 2.9 2.0 2.4 2.0 1.2
total
Phosphorus, total 0.85 0.34 0.32 0.33 0.33 0.26
C. HEAVY METALS (in ng/L)
7-18-83 Lead 20 17 8 12 15 43
Chromium 10 20 10 20 10 10
Iron 280 470 300 570 440 2500
Nickel 20 16 27 29 9 18
Manganese 10 40 80 20 20 70
Zinc 70 150 340 370 80 60
7-20-83 Lead 12 6 4 12 34
Chromium <10 10 10 10 10
Iron 50 60 50 100 2600
Nickel 18 6 2 9 18
Manganese <10 <10 <10 <10 60
Zinc 630 30 30 20 20
7-22-83 Lead 9 4 7 6 11
Chromium 10 10 10 20 20
Iron 230 110 100 150 370
Nickel 4 3 9 6 6
Manganese <10 10 <10 <10 10
Zinc 20 20 20 10 20
12-13-83 Lead 14 2 3 5 4 1.3
Chromium 10 10 10 20 20 20
Iron 100 90 80 160 80 160
Nickel 5 5 3 <1 4 9
Manganese 10 10 10 10 10 <10
Zinc 40 40 30 60 20 160

(continued)
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Table 12.--Chemical analysis of reclaimed water from basin, unsaturated zone,
and water table beneath basin 2 during S-month recharge test.

(continued)

Basin Lysimeter

com-— Observa-
Date Constituent posite 1 2 3 4 tion well

D. LOW-MOLECULAR-WEIGHT ORGANIC COMPOUNDS
[A11 values are in ug/L; dashes indicate value below detection limit}

7-18-83 Dichloromethane - 0.2 0.2 0.1 0.2 0.2
Trichloromethane - 0.2 0.3 0.2 0.3 0.3
1,1,1-Trichloroethane -— - - - - -
Bromodichloromethane 1.1 0.6 0.6 0.4 0.8 0.7
Dibromochloromethane 4.5 4,6 4.4 2.9 5.8 4,7
Tribromomethane 15.4 22.3 21.3 14.4 26.4 22.7

7-20-83 Dichloromethane 0.4 0.2 0.3 <0.3 0.2
Trichloromethane 0.6 0.3 0.8 0.5 0.3
1,1,1-Trichloroethane - - - - -
Bromodichloromethane 2.1 0.9 2.0 2.0 1.0
Dibromochloromethane 6.1 10.8 12.6 12.4 6.3
Tribromomethane 47.3 26.9 45.4 46.4 34.5

7-22-83 Dichloromethane 0.4 <0.3 0.1 <0.3 0.2
Trichloromethane 0.3 0.4 0.3 0.3 0.3
1,1,1-Trichloroethane - - -= --= -
Bromodichloromethane 1.4 1.0 1.5 1.0 1.3
Dibromochloromethane 3.5 7.0 6.2 7.4 6.6
Tribromomethane 29.0 25.8 31.8 29.9 29.0

12-13-83 Dichloromethane - 6.0 0.2 0.1 0.1 0.2
Trichloromethane - 0.7 0.8 0.8 0.6 0.4
1,1,1-Trichloroethane 3.0 - - - - -
Bromodichloromethane 3.0 0.9 1.1 1.0 1.0 1.2
Dibromochloromethane - 1.4 1.5 1.8 1.6 2.4
Tribromomethane - 2.1 2.7 2.6 2.5 1.1

Results of Soil Analysis

Soil samples from selected depths within the unsaturated zone provided
information on ion-exchange reactions that occur within the unsaturated soil
during recharge. Two suites of samples were collected from soil ports
installed through the manhole wall and were analyzed for cation—exchange
capacity, pH, exchange acidity, exchangeable cations, and acid-soluble
metals.

One suite of samples was obtained before recharge at basin 2 and
therefore represents background conditions; the second suite was collected at
the end of the 5S-month test and revealed physical and chemical changes that
had taken place within the unsaturated zone as a result of exposure to
reclaimed water. Soil samples were collected at 2.5-ft, 5.3-ft, 8.2-ft, and
11-ft depths, which coincide with the plane of capture of the gravity
lysimeters. Therefore these samples can be considered representative of the
same depths as the soil-water samples discussed in the preceding section.
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Results of the two samplings (table 13) show varied net increases and
decreases in exchangeable cations and acid-soluble metals. For example,
potassium concentrations in unsaturated material before recharge ranged from
0.025 meq/100 g to 0.335 meq/100 g, but after 5 months of recharge, the range
had decreased to 0.015 to 0.042 meq/100 g. This reduction can be attributed
to the higher concentrations of sodium in reclaimed water. (As mentioned
earlier, the ratio of sodium to potassium in samples of background pore water
from the unsaturated zone was 3:1, but during recharge, it increased to 8:1.
This increase in sodium forces potassium to move from its exchange sites into
the percolating water.) This effect would also explain the increase in potas—
sium in pore-water samples from lysimeters in both basin 3 (table 10A) and
basin 2 (table 12A). This phenomenon was greatest in the first few days of
recharge at basin 3, when the system was undergoing the greatest stress; after
several days, when the system was nearing equilibrium, potassium concentra-
tions in unsaturated material samples were no longer much higher than in
reclaimed water. The increase in calcium in the unsaturated zone also played
a role in removing potassium during recharge. Further evidence of this
exchange was found by analysis of exchangeable sodium and calcium in the earth
material. Sodium concentrations in the unsaturated material before recharge
ranged from <0.01 to 0.045 meq/100 g, but after 5 months of recharge, they
ranged from 0.047 to 0.076 meq/100 g (table 13). Similarly, calcium concen
trations in the unsaturated material before recharge ranged from 0.125 to
0.295 meq/100 g and, after recharge, they ranged from 0.135 to 0.45 meq/100 g
(table 13).

Lead also showed some change. Lead concentrations in the unsaturated
material before recharge ranged from 1.25 to 2.80 ug/g, but after 5 months,
they ranged from 1.4 to 5.0 ug/g (table 12C). The higher concentration near
land surface coincides with the decrease in concentrations in pore-water
samples, which indicates that lead is adsorbed in the upper 2 ft of earth
material, This phenomenon also indicates that the lead-adsorbing capacity of
the material did not diminish after 5 months of recharge.

Table 13.--Chemical properties of soil samples from unsaturated zone beneath
basin before and after 5-month recharge teet at basin 2

Depth
below
basin Exchangeable cations (meq/100 g)
floor Soil ph Calcium Magnesium Sodium Potagsium
(ft) 2-15-82 12-13-83 2-15-82 12~13-83 2-15-82 12-13-83 2-15-82 12-13-83 2-15-82 12-13-83
2,5 7.95 7.4 0.295 0.45 0.017 0.067 0.045 0.076 0.055 0.042
5.3 7.90 7.4 0,130 0.215 0.005 0.039 0.01 0.055 0.05 0.023
8.2 8.00 7.65 0.185 0.190 0.006 0.025 0.01 0.050 0.335 0.024
11.0 8.05 7.6 0.125 0.135 0.0015 0.021 <0.01 0.047 0,025 0.015
Depth below Acid-Soluble Metals (ug/g)
basin floor Zinc Cadmium Lead Nickel
(£t) 2-15-82 12-13-83 2-15-82 12-13-83 2-15-82 12-13-83 2-15-82 12-13-83
2,5 49.0 20,0 0.19 ol 2.80 5.0 1.5 4,0
5.3 15.2 12.3 0.11 ol 1,30 2.1 1.5 2.0
8.2 4,85 14,3 0,19 ol 1.85 2.0 <1 1.15
11.0 23.45 3.7 0.04 .1 1.25 l.4 <1 .03

Soil analyses performed by Cornell University, Department of Agronomy.
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